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A method for fabricating a semiconductor device by CVD of a 
ruthenium film on a substrate having a recess involves using a source . 
material of an organo- ruthenium compound, an oxidizing gas such as 02, N20, 
NO, 03, or H20 , and an inert gas hardly adsorbed on the ruthenium surface 
to decrease the adsorption d. of the oxidizing gas on the ruthenium 
surface. Alternatively, a gas easily adsorbed on the ruthenium surface 
may be used to control the adsorption d. of the oxidizing gas on the 
ruthenium surface. Specifically, the inert gas may comprise Ar, Ne, He, 
Xe, N2, or C02 , and the easily adsorbed gas may comprise THF, CO, C2H4, or 
C2H2. Addnl., the CVD deposition may involve forming a seed 
layer of ruthenium, platinum, iridium, rhodium, osmium, palladium, cobalt, 
iron, or their alloys. 
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Methods of chemical vapor depositing ruthenium by varying chemical vapor 

deposition parameters in integrated-circuit fabrication 

Won, Seok-jun; Yoo, Cha-young; Kim, Sung-tae; Park, Young-wook; Lee, 

Yun-jung; Park, Soon-yeon 

Samsung Electronics Co., Ltd., S. Korea 

U.S. Pat. Appl. Publ., 16 pp. 
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PRAI KR 2001-15001 A 20010322 

AB A CVD method for depositing Ru with good surface structure and 

step coverage is claimed. A layer is formed by chemical vapor depositing 

seeding layer of Ru oxide on a substrate at a CVD flow rate 

ratio of a Ru source to O gas. A main layer of Ru is chemical vapor 

deposited on the seeding layer by increasing the CVD flow rate 

ratio of the Ru source to the O gas. 
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TI Fabricating method of semiconductor integrated circuits with ruthenium 

capacitor electrodes 
IN Shimamoto, Yasuhiro; Hiratani, Masahiko; Matsui, Yuichi; Yamamoto, 

Satoshi; Nabatame, Toshihide; Ando, Toshio; Sakuma, Hiroshi'; Iljima, 

Shinpei 
PA Japan 

SO U.S. Pat. Appl. Publ., 28. pp. 
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"AB The present invention relates to a techno!, effectively adaptable for 
fabricating process a semiconductor integrated circuit with a step of 
forming a ruthenium electrode of a capacitor with high-k material by a 
chemical vapor deposition (CVD) method using an organo- ruthenium 
(Ru) compound as a precursor. A Ru electrode with a low amount of 0 
contamination and high thermal stability is formed by a CVD 
method. In the CVD method using an organo -ruthenium compound as a 
precursor, the introduction of an oxidation gas is limited to when the 
precursor is supplying, and the reaction is allowed to occur at a low 02 
partial pressure. Consequently, it is possible to form a Ru film with a 
low amount of O contamination. Further, after formation of the Ru film, 
annealing at not less than the formation temperature is performed, thereby 
forming a Ru film with high thermal stability. 
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TI Preparation of ruthenium for chemical vapor deposition and ruthenium thin 

film or ruthenium compound thin film for chemical vapor deposition 
IN Okamoto , Ko j i 
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AB An acylcyclobutadienyl (cyclobutadienyl) ruthenium (acylruthenocene) compound 
(I; R = linear or branched hydrocarbyl) for chemical vapor deposition ( 
CVD) is prepared This compound enables ruthenium thin film or 
ruthenium compound thin film to be fabricated even by precipitation at high 

temperature 

250-450°. These thin films of ruthenium or its compound are superior 

in morphol. and step coverage and low in specific resistance and suitable 

for fabricating electrodes of various semiconductor devices, in particular 

DRAM (dynamic RAM). Thus, 12 . 3 g isobutyric anhydride and 2 mL 85% H3P04 

were added to 2.95 g ruthenocene and allowed to react with gradual heating 

for 10 min to give 1.8 g isobutyrylcyclopentadienyl (cyclobutadienyl) ruthen 

ium (II) which decomposed at temperature higher than 286.1° in TG-DTA. 

Ruthenium thin film was deposited on a substrate by CVD at 

substrate temperature 350° and chamber pressure 140 Pa using II. The 

film exhibited good morphol. with 80% step coverage and specific 

resistance of 15 uQ/cm. 
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AB The organometallic compound is (a) n-butylcyclopentadienyl (cyclopentadienyl) 
ruthenium, isobutylcyclopentadienyl (cyclopentadienyl) ruthenium, or 
tert -butyl cyclopentadienyl (cyclopentadienyl) ruthenium for forming a Ru 
(compound) thin film or (b) alkylcyclopentadienyl (1 , 5-cyclooctadiene) iridium 
I (R2 = Pr, iso-Pr, Bu, iso-Bu, tert-butyl) for forming a Ir (compound) thin 
film. The butylcyclopentadienyl (cyclopentadienyl) rutheniums are manufactured 
by reaction of bis (cyclopentadienyl) ruthenium and BuOH, iso-Bu ale, or 
tert-Bu ale. whereas I is manufactured by reaction of bis (1, 5-cyclooctadiene 
chloroiridium) II and Na alkylcyclopentadienide III. The compound is 
vaporized, transported on a substrate, and thermally decomposed to form a 
CVD film. The compound may be thermally decomposed in the presence of 
0 because of enhanced stability against O. 

L6 ANSWER 6 OF 2 3 CAPLUS COPYRIGHT 2 006 ACS on STN 
AN 2002:123563 CAPLUS 
DN 136:176541 

TI Manufacturing semiconductor device with adhesive layer in between rare 

metal layer and insulaiting layer 
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AB A method of manufacturing a semiconductor device has the steps of: (a) forming 
a 

lower electrode made of rare metal above a semiconductor substrate; (b) 
depositing a capacitor dielec. film made of a high dielec. material or 
ferroelec. oxide on the lower electrode; (c) forming a laminated layer on 
the capacitor dielec. film, the laminated layer including an upper 
electrode layer made of rare metal and an adhesive layer with or without 
an Si02 mask layer thoreon; (d) patterning the laminated layer; (e) chemical 
processing the patterned, laminated layer to remove a surface layer of the 
laminated layer; and (f ) forming an interlayer insulating film over the 
semiconductor substrate, covering the chemical processed, laminated layer. 
An adhesion force between the rare metal layer and insulating layer can be 
increased. 
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TI Method for fabricating an SrRu03 film to control the delivery of source 

reagents into the reactor chamber 
IN Marsh, Eugene P. 
PA Micron Technology, Inc., USA 
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A method of fabricating an SrRu03 thin film is disclosed. The method uses 
a multi-step deposition process for the sep. control of the Ru reagent, 
relative to the Sr reagent, which requires a much lower deposition temperature 
than the Sr reagent. A Ru reagent gas is supplied by a bubbler and 
deposited onto a substrate. Following the deposition of the Ru reagent, 
the Sr liquid reagent is vaporized and deposited onto the Ru layer. 
CNT 6 THERE ARE 6 CITED REFERENCES AVAILABLE FOR THIS RECORD 
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TI Visible photoluminescence from ruthenium-doped multiwall carbon nanotubes 
AU Dickey, Elizabeth C; Grimes, Craig A.; Jain, Mahaveer K. ; Ong, Keat G. ; 

Qian, Dali; Kichambare, P. D.; Andrews, Rodney; Jacques, David 
CS Department of Materials Science and Engineering, The Pennsylvania State 

University, University Park, PA, 16802, USA 
SO Applied Physics Letters (2001), 79(24), 4022-4024 

CODEN: APPLAB; ISSN: 0003-6951 
PB American Institute of Physics 
DT Journal 
LA English 

AB Visible photoluminescence at 515 nm of Ru-doped multiwall C nanotubes, 
fabricated on quartz substrates using a CVD technique, is 
reported. The well -aligned nanotubes serve as templates for the 
luminescent, residual Ru-Fe catalyst particles contained within the 
nanotubes, restricting the particle size to .apprx.10 nm. The synthesis 
technique can be readily extended to other luminescent dopants; also, 
since nanotube arrays can be readily grown from patterned substrates, 
nanotube -based optoelectronic devices may be achieved. 
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AB The present invention is a CVD process for forming a thin film 

which includes a step of recovering an organometallic compound component 
from an exhaust gas which was conventionally discarded, and a purifying 
step of purifying the recovered organometallic compound to thereby eliminate 
a byproduct formed in a film forming step by CVD. According to 
this process, the organometallic compound is recycled. As a recovering 
technique, any of the following is employed: a technique in which the 
exhaust gas is cooled and is recovered as a recovered content; a technique 
in which the exhaust gas is brought into contact with a solvent to 
dissolve the organometallic compound in the solvent; and a technique in 
which the exhaust gas is brought into contact with an adsorbent to thereby 
adsorb the organometallic compound A purifying technique is selected 
depending on the recovering technique or the properties of the recovered 
content, and any of a technique of distilling the recovered content, a 
technique of sublimating the recovered content, and a technique of heating 
the adsorbent to desorb the organometallic compound is employed. These 
CVD thin film processes can recover and purify the organometallic 
compound in a higher yield by adding a step of eliminating oxygen from the 
exhaust gas prior to the recovering step. 

RE.CNT 3 THERE ARE 3 CITED REFERENCES AVAILABLE FOR THIS RECORD 

ALL CITATIONS AVAILABLE IN THE RE FORMAT 

L6 ANSWER 10 OF 23 CAPLUS COPYRIGHT 2 006 ACS on STN 
AN 2001:750505 CAPLUS 
DN 135:333862 

TI Spouted bed metallorganic chemical vapor deposition of ruthenium on 

NiCoCrAlYTa powders 
AU Juarez, F.; Castillo, A.; Pieraggi, B.; Vahlas, C. 

CS Centre Interuniversitaire de Recherche et d'Ingenierie des Materiaux, 

CNRS-INPT-UPS, Ecole Nationale Superieure des Ingenieurs en Arts Chimiques 

et Technologiques, Toulouse, 31077, Fr. 
SO Journal de Physique IV: Proceedings (2001), ll(Pr3, Thirteenth 

European Conference on Chemical Vapor Deposition, 2001) , Pr3/1117-Pr3/1123 

CODEN: JPICEI; ISSN: 1155-4339 
PB EDP Sciences 
DT Journal 
LA English 

AB The spouted-bed metallorg. CVD of ruthenium on Ni-Co-Cr-Al-Y-Ta 

alloy com. powder was investigated. An economical, versatile and 
time-saving process is proposed for the screening of platinum- group metal 
doping of thermal barrier coatings applied on gas turbine engine blades to 
increase their oxidation and corrosion resistance. Information on spouting 
of the Ni alloy powders and on the CVD reactor is provided. Two 
deposition routes for the CVD of ruthenium starting form 

ruthenocene are described. The first implies a high- temperature reaction with 
hydrogen and yields crystalline Ru nanoparticles on the powder surface. The 
second is a low- temperature reaction with oxygen and yields ruthenium oxide 
which in turn is reduced in-situ to yield amorphous Ru. Both processes 
lead to uniform doping of the Ni alloy powder. 
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TI Processes for the preparation of organoruthenium compounds useful for thin 

film formation by CVD 
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SO PCT Int. Appl., 33 pp. 
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This document discloses processes for preparing two organoruthenium compds . 
useful for thin film formation by CVD, i. e. , 

bis (ethylcyclopentadienyl) ruthenium and (alkylcyclopentadienyl) cyclopentad 
ienylruthenium; the first invention relates to a process for preparing 
bis (ethylcyclopentadienyl) ruthenium by hydrogenating 

bis (acetylcyclopentadienyl) ruthenium in the presence of a catalyst. The 
second invention relates to a process for preparing 
(alkylcyclopentadienyl) cyclopentadienylruthenium by acylating 
bis (cyclopentadienyl) ruthenium with a carboxylic acid anhydride by using 
phosphoric acid as the catalyst to obtain (acylcyclopentadienyl) cyclopenta 
dienylruthenium and then reducing the obtained compound 
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AB The metalorg. compound is that represented as I (Rl, R2 = alkyl, substituent 
involving ^1 methylene which may form heterocycle with N) . The 
compound is manufactured by reaction of ruthenocene, paraformaldehyde, and a 
secondary or tertiary amine in AcOH. The Ru (oxide) film is grown by 
CVD of I, which is suitable for electrode in elec. capacitor. 
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Manufacture of semiconductor devices with capacitors 
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AB Ru (or its oxide) capacitor electrodes are formed by CVD, where 

Ru(C5H5)2 (H may be substituted by functional groups) are used as source 
gases . 
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AB A method of fabricating an electrode structure on a f erroelec . film 
involves CVD formation of a hybrid electrode constituted by a 
multilayer or alloyed electrode structure using either bubbler delivery or 
liquid delivery CVD. 
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Mining and Technology, Socorro, NM, 87801, USA 
SO Materials Research Society Symposium Proceedings (1999) , 

541 (Ferroelectric Thin Films VII), 147-152 

CODEN: MRSPDH; ISSN: 0272-9172 
PB Materials Research Society 
DT Journal 
LA English 

AB Conductive Ru02 thin films were grown epitaxially on (100) MgO and (100) 
LaAl03 substrates by metal-organic CVD (MOCVD) at different temps. 
The microstructural properties of the Ru02 films were studied using x-ray 
diffraction and SEM. Different growth and microstructure properties were 
observed for the films deposited on the two substrates. The films on MgO are 
epitaxial at deposition temps. >3 50°, and consist of two 
variants with an orientation relation given by (110) Ru02 . dblvert . (100) 
MgO and [001] Ru02 . dblvert . [011] MgO . The films on LaA103 , however, are 
epitaxial only at deposition temps, of 600°. and above, and contain 
four variants with an orientation relation given by 

(200)RuO2. dblvert. (100)LaAlO3 and [011] Ru02 . dblvert . [011] LaA103 . The 
observed microstructures of epitaxially grown films can be explained based on 
geometric considerations for the films and substrates. 
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TI Chemical vapor deposition of Ru and its application in (Ba,Sr)Ti03 

capacitors for future dynamic random access memories 
AU Aoyama, Tomonori; Kiyotoshi, Masahiro; Yamazaki, Soichi; Eguchi, Kazuhiro 
CS ULSI Process Engineering Laboratory, Microelectronics Engineering 

Laboratory, Toshiba Corporation, Yokohama, 235-8522, Japan 
SO Japanese Journal of Applied Physics, Part 1: Regular Papers, Short Notes & 

Review Papers (1999), 38 (4B) , 2194-2199 

CODEN: JAPNDE; ISSN: 0021-4922 
PB Japanese Journal of Applied Physics 
DT Journal 
LA English 

AB Ru films were fabricated by CVD deposition using Ru(C5H5)2 and 

02. The deposition of Ru film was controlled by the surface reaction 

kinetics as the rate limiting step with activation energy of 2.48 eV below 

250° and by the mass transport process above 250°. Ru films 

had a polycryst. structure and showed low resistivity of about 12 

nO-cm. Ru films deposited at 230° showed excellent step 

coverage. The authors applied Ru films prepared by CVD deposition 

to the bottom electrode of a BaO . 25SrO . 75Ti03 capacitor and obtained good 

elec. characteristics. RAM. 
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TI Epitaxial growth of Ru02 thin films by metal -organic chemical vapor 
deposition 

AU Lu, P.; He, S.; Li, F. X.; Ji , Q. X. 

CS Department of Materials Science and Engineering, New Mexico Institute of 

Mining and Technology, Socorro, NM, 87801, USA 
SO Thin Solid Films (1999), 340(1,2), 140-144 

CODEN: THSFAP; ISSN: 0040-6090 
PB Elsevier Science S.A. 
DT Journal 
LA English 

AB Conductive Ru02 thin films were epitaxially grown on LaA103 and MgO 
substrates by metal -organic CVD (MOCVD) . The deposited Ru02 films 
were crack-free, and well adhered to the substrates. The Ru02 film is 
oriented on LaA103 substrates at deposition temperature of 600° and 
oriented on MgO substrates at deposition temperature of 350° and above. 
The epitaxial growth of Ru02 on MgO and LaA103 is demonstrated by strong 
in-plane orientation of thin films with respect to the major axes of the 
substrates. The Ru02 films on MgO contain 2 variants and form an 
orientation relation with MgO given by Ru02//MgO and Ru02 [001] //MgO [011] . 
The Ru02 films on LaAl03 , however, contain 4 variants and form an 
orientation relation with LaAl03 given by Ru02//LaAl03 and 
Ru02 [011] //LaA103 [011] . Elec. measurements on the Ru02 thin films 
deposited at 600° show room- temperature resistivities of .apprx. 40 and 
.apprx. 50 |aQcm for the films deposited on the MgO and LaAl03 
substrates, resp. 
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TI Ruthenium oxide film formation and manufacture of semiconductor device 

IN Nakabayashi, Masaaki 

PA Fujitsu Ltd., Japan 

SO Jpn. Kokai Tokkyo Koho, 11 pp. 

CODEN: JKXXAF 
DT Patent 
LA Japanese 
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PI JP 10163131 A2 19980619 JP 1996-317465 19961128 <-- 

JP 3676004 B2 20050727 

PRAI JP 1996-317465 19961128 

AB The method involves feeding a Ru-containing organic metal compound and an 
oxidizing 

gas in a film formation region at 0 partial pressure ^6 Torr to 
form the film on a substrate. The manufacture method involves forming a 1st 
the metal film on a semiconductor substrate optionally via an insulating 
film and successively coating the film with a dielec. film and a 2nd metal 
film to form a capacitor. The manufacture method gives the device showing heat 
resistance and controlled surface morphol . 
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TI Effect of deposition temperature and oxygen on the growth of Ru02 thin 

films deposited by metalorganic chemical vapor deposition 
AU Shin, Woong-Chul; Yoon, Soon-Gil 



Electro-Ceramics Res. Lab., Dept. Materials Eng., Coll. Eng., Chungnam 

National Univ., Taejon, 305-764, S. Korea 

Yoop Hakhoechi (1997), 34(3), 241-248 

CODEN: YPHJAP; ISSN: 0372-7807 

Korean Ceramic Society 

Journal 

Korean 

Ru02 thin films were deposited on SiO2(1000 A) /Si and MgO(lOO) single 
crystal substrates at low temps, by hot -wall metalorg. chemical vapor 
deposition (MOCVD) , and effects of deposition parameters on the properties 
of the thin films were investigated. Ru02 single phase was obtained at 
lower deposition temperature of 250 °C. Ru02 thin films deposited onto 
SiO2(1000 A) /Si substrates showed a random orientation, and RU02 films 
onto MgO(lOO) single crystals showed the (hkO) orientation. The 
crystallinity and resistivity of Ru02 thin films increased and decreased 
with increasing deposition temperature, resp. The resistivity of Ru02 thin 
films decreased with decreasing the oxygen flow rate. The resistivity of 
the 2600 A-thick Ru02 thin f;ilms deposited with 02 flow rate of 50 
seem at 350 °C was 52.7. uX}-cm, and they could be 
applicable to bottom electrodes of high dielec. materials. 
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1996:753339 CAPLUS 

126:137013 

Characterization of Ru02 thin films deposited on Si by metal -organic 
chemical vapor deposition 

Liao, P. C; Mar, S. Y. ; Ho, W. S.; Huang, Y. S.; Tiong, K. K. 

Department of Electronic Engineering, National Taiwan Institute of 

Technology, Taipei, 106, Taiwan 

Thin Solid Films (1996), 287(1-2), 74-79 

CODEN: THSFAP; ISSN: 0040-6090 

Elsevier 

Journal 

English 

The authors report characterization of Ru02 thin films, deposited on Si 
substrates by metal -organic CVD (MOCVD) , by SEM, x-ray diffraction, 
elec. conductivity, spectrophotometry, ellipsometry and Raman scattering 
measurements. As-deposited Ru02 films are specular, crack free, and well 
adherent on the substrate. The Auger electron spectroscopy depth profile 
shows good compositional uniformity across the thickness of the films. As 
confirmed by x-ray studies, the films crystallize with the correct rutile 
structure. The results of the elec. and optical studies of the MOCVD Ru02 
films show a metallic character of these films. The results of Raman 
study indicate that a nearly strain free and high quality Ru02 thin film 
could be deposited on a Si substrate by MOCVD. 
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1995:523228 CAPLUS 
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Lead zirconate titanate thin films on ruthenium dioxide; in situ synthesis 

using organometallic chemical vapor deposition 

De Keijser, M.; Dormans, G. J. M. ; Van Veldhoven, P. J. 

Philips Research Laboratories, Eindhoven, 5656 AA, Neth. 

Integrated Ferroelectrics (1994), 5(3), 221-7 

CODEN: IFEREU; ISSN: 1058-4587 

Journal 

English 

In this paper the organometallic chemical vapor deposition (OMCVD) of Ru02 

using the precursor ruthenocene, Ru(C5H5)2, will be discussed. 

Stoichiometric Ru02 thin films with a specific resistivity of about 50 

uXtom were obtained both on strontium titanate and platinized 

silicon wafers at temps, between 300-700°C. PbZrO . 8Ti0 . 203 thin 

films were in situ deposited onto these Ru02 electrodes. The ferroelec. 

behavior of the films obtained on the Ru02 electrodes is compared with 



those obtained on platinum electrodes. Attempts to deposit in-situ a Ru02 
top electrode on the PbZrO . 8TiO . 203 were unsuccessful. 
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TI Chemical vapor deposition of ruthenium and osmium films from mono- and 

bis - (cyclopentadienyl) complexes as precursors 
AU Smart, Christopher J.; Gulhati, Akshaya; Reynolds, Scott K. 
CS Vassar Coll., Poughkeepsie, NY, USA 

SO Materials Research Society Symposium Proceedings (1995) , 

363 (Chemical Vapor Deposition of Refractory Metals and Ceramics III) , 
207-12 

CODEN: MRSPDH; ISSN: 0272-9172 
PB Materials Research Society 
DT Journal 
LA English 

AB The authors have studied cyclopentadienyl (Cp) complexes of Ru and Os as 
precursors for low temperature CVD of pure Ru and Os films. Films 
were grown on a variety of substrates in a warm-walled CVD 
reactor, equipped with a resistively heated wafer chuck, mass-flow 
controllers for carrier gas regulation, and a mech.-back oil-vapor 
diffusion pump. Typical depositions were done under .apprx.l torr total 
pressure. Use of air or 0 as a carrier gas and Cp2M (M = Ru or OS) as 
precursors gave high purity, conformal films of Ru and Os at temps. 
>275° and 350°, resp. Under these conditions, the 
only observable byproducts were C02 and H20, indicating that 
surface-catalyzed, complete oxidation of the ligands was involved in the 
decomposition process. Growth rates, film purities, resistivities and 
conformality were measured. 
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TI Modeling of the formation of Ru02 thin film from Ru(C5H5)2 by 

metal -organic chemical vapor decomposition 
AU Mar, S. Y. ; Huang, Y. S . ; Tiong, K. K. 

CS Department of Electronic Engineering, National Taiwan Institute of 

Technology, Taipei, 106, Taiwan 
SO Thin Solid Films (1995), 258(1-2), 104-9 

CODEN: THSFAP; ISSN: 0040-6090 
PB Elsevier 
DT Journal 
LA English 

AB A modeling technique based on bond graph methods was used to analyze the 
mechanism of metal-organic CVD processes of Ru02 by Ru(C5H5)2. 
Theor. models are considered and compared with exptl. data. The most 
suitable model, which incorporates both the homogeneous gas-phase 
reactions and the heterogeneous surface processes, is constructed. The 
proposed model agreed well with the exptl. data. The model indicates that 
besides a single-surface reaction there exists a gas-phase reaction which 
is the rate-controlling step. The surface deposition rate constant as well 
as the forward and backward reaction rate const s. for the gas -phase 
reversible reaction of Ru(C5H5)2 are also determined 
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